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STUDY  OF  MARINE  MYXOD/.CTFJaA 


STATEMENT  (F  PROBLEMS 

This  Investigation  is  concrrned  with  the  study  of  nyxobactsria 
from  the  marine  habitato  .These  microorganisms,  referred  to  as  "slime 
bacteria,"  do  not  normally  develop  on  the  culture  media  commonly  enplpyed 
in  the  bacterial  anal^^is  of  sea  water 

There  Is  little  published  information  on  aquatic  types  of 
iryxobacterla,  and  the  majority  of  our  Information  on  n^yxobacteria  has 
come  from  the  study  o.:'  terrestrial  forms«  These  are  best  known  because 
of  the  occurrence  of  complex  life  cycles,  anc  because  many  of  them  are 
capable  of  utilising  high  molecular  compounds  such  as  cellulose  and 
chitinc  However,  studies  carried  out  at  the  University  of  ’'Washington 
by  one  of  us  (E.  J.  0].'dal)  have  shown  that  n^-xobacterla  are  common  in 
the  aqueous  habitats. ^ In  fresh  water  a wide  variety  of  well 'defined 
saprophytic  and  parasitic  myxobacteria  have  been  found.  Some  of  these 
cause  serious  diseases  In  fish.  Preliminary  studies  have  shown  that 
myxobacteria  are  also  present  in  » ta  water,  particularly  In  association 
with  plankton  emd  other  living  forms.  In  addition.,  nyxobacterla  are 
often  found  in  samples  of  aged  sea  water  which  have  been  stored  in  the 
dark.  This  informatiem,  coupled  with  the  well-known  habit  of  development 
on  surfaces,  suggeststl  that  myxobacteria  might  be  concerned  with  the 
mineralization  of  relatively  stable  organic  compounds  such  as  found  in 
animal  and  plant  detritus,. 
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M«irine  nyxotecterla  were  sought  In  samples  of  sea  water  and 
sediments  from  Port  Orchards  In  addition^  several  samples  of  aged  sea 
water  from  the  Beaufort  'lea  were  selected  for  study. 

It  was  found  necessary  to  devise  special  methods  and  media 
for  the  isolation  of  niyxcbacterla.  Also,  studies  on  the  physiology  of 
marine  it^obacteria  were  carried  out  as  a prerequisite  to  obtaining 
knowledf^e  of  the  function  and  distribution  of  nyxobacteria  in  the  seac 
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\ STUDY  OF  KARINE  MYXOBACTERIA 


INTRODUCTION 

The  group  of  organiuins  which  constitute  the  present-day  order 
Kyxobacter lale 3 was  rscognized  in  the  late  nineteenth  century.  Fun- 
damental knowledge  concerning  ohese  bacteria  has  accumulated  slowly 
and  is  sadly  lacking  if  one  coiislders  their  widespread  abundance  and 
the  considerable  length  of  tine  which  has  elapsed  since  the  first 
description  of  a mernbsr  of  tht.j  ero’.:.f  in  the  early  eighteen  hundreds. 

The  apparent  lag  or  donnancy  of  interest  in  the  ir\yxobacteria 
may  be  accountad  for  if  one  considers  that  their  initial  descriptions 
were  made  by  the  crypbogamic  botanist  rather  than  the  bacteriologist^ 
and  that  pure  culture  study  was  hampered  by  lacK  of  suitable  isolation 
techniques,,  Furthermore;  the  group  did  not  include  the  inperfect 
n^obacteria  until  re:ently  (Stanier^  and  hence  was  limited  to 

the  higher  fniiting  forms,  in  addition,  the  peculiar  morphological 
traits  of  the  recognijed  species  aroused  the  interest  of  the  morphologist 
rather  than  the  biochsmist  or  the  physiologist.  This  latter  fact  is 
evidenced  by  the  morpoological  definition  and  separation  of  the  order 
^^obacteriales  into  families,  and  by  the  significant  absence  of  bio- 
chemical and  physiolojical  differentiation  of  all  but  a few  species , 

The  major  part  of  the  literature  pertaining  to  members  of  the 
order  I^obacteriales  is  concerned  with  morphological  investigations  of 
the  terrestrial  formSo  Although  little  work  has  been  published  con- 
cerning the  aquatic  myxobacteria.  a start  has  be:n  made  In  this  direction 
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by  Ordal  (19!?3)  who  has  consletftntly  obaerved  arid  isolated  myxobacteria 
from  aquatic  habitat;:.,  Othervise  the  aquatic  fc/rms  have  been  neglected 
to  a great  extent,  They  have  been  studied  iu  this  laboratory  froir.  both 
marine  and  fresh  water  enviroriw^ntfi.  They  have  been  observud  In  associ- 
ation with  fish  anc  tquatie  plant  life..  Some  members  have  been  .found 
responsible  for  epizootics  in  salmcn*  lurthennore,  the  etiological 
rola  of  the  .iquatic  ryxobacteria  accentuates  the  need  for  additional 
study  of  these  forms.  This  investigation  is  an  attempt  to  odd  to  ou~ 
knowledge  of  the  marine  members  of  the  order.,  and  to  enphasizc  the  need 
fur  furuh-r  biochemical  and  physio] ogical  characterization  as  a supplement 
to  the  present  norphclogic:.-!!  delineation  of  the  order  and  members  of  the 
Ollier., 

The  myxobacteria  or  s31ne  bacteria  are  differentiwied  from  the 
other  bacterial  groups  by  /iitue  of  significant  morphologicfil  proporties 
which  wa.?rant  this  sepai’ation.  However,  certain  traits  are  common  to 
other  groups  of  organisms,  and  this  has  caused  some  speculation  as  to 
the  phylogenetic  relationships  of  the  myxobacteria > The  following 
paragraphs  describe  these  characteristics  and  bi'lefly  present  their 
poeaible  outside  affinities  to  other  microorganisms 

Myxobacteria  form  Gram-negative,  red-shaped,  vegetative  cells c 
In  this  I'espwct  they  resemble  some  members  of  the  order  Eubacterlales,. 
However,  they  multiply  by  constriction  and  lack  a cell  wallo  They  are 
flexible  as  are  members  of  the  order  Sprlochaetales  Flexibility  is  a 
major  criterion  for  the  initial  identification  of  the  aquatic  siyxobacterla. 
Individual  cells  may  show  a peculiar  spinnirg  motion,  hanging  from  the 
surface  of  a drop  by  cne  end  and  rotat:.ng  rapidly^ 


Vegetative  sella  may  be  tapered  at  one  end  but  more  often  they 
are  cylindrical.  The  length  of  cells  varies  considerably  among  different 
species  and  vithln  a single  clone*  Cells  as  short  as  3 microns  and  as 
long  as  20  microns  ars  common. 

Organisms  hive  been  observed  to  move  at  a rate  of  10  microns 
per  minute.  However,  the  mechanism  of  locomotion  is  still  an  unsolved 
problem*  They  liave  ns  flagella.  peculiar  creeping  motility  ie 

aleo  characteristic  oT  the  Cyanophyceae  and  Beggiatoaceae. 

All  members  of  the  order  prodace  a reproductive  unit  termed  a 
microcyst  e:crept  for  nensters  of  tho  family  Cytophagaceae  , The  micro- 
cyst  corre^'onds  to  tio  spore  stage  of  members  of  the  order  Eubacterlales 
but  differs  in  its  mode  of  fomatior..  Tc  is  considered  to  be  formed  by 
a shortening  and  thiccening  of  the  cell  and  Is  not  formed  within  the 
cell  as  are  endosporei* 

Fruiting  bodies  are  formed  by  all  a^yxobacteria  with  the  ex- 
ception of  members  of  the  genera  Cytophaga  and  Sporocytophaga . These 
structures  result  fron  the  combined  efforts  of  the  mass  of  vegetative 
cells  acting  as  a unit.  This  concerted  action  of  individuals  toward  a 
definite  end  is  common  to  the  Acrasieae  which,  however,  have  ameboid 
cells  (Thaxter,  1892). 

Ityxobacterii  are  widely  distributed.  They  have  been  found  in 
soils  throughout  the  world  (Breed  et  al,  19U8),  in  compost  and  sludge 
(Singh,  19U7),  and  parasitic  on  phytopathogens  (Kononenko,  1937). 

Among  the  aquatic  members  of  the  order,  one  species  has  been  described 
as  parasitic  on  Cladophora  fracta  (Gcitler,  192U).  Other  aquatic  typas 


have  been  inpllcatec'  in  fish  diseases  (Ordal  and  Rucker)  19Ui{ 

Oamjobst)  19U5}  anc  Borg,  19U8)a  Two  marine  menA>er8  have  been  studied 
by  Stanier  (19li2).  Humm  (19U6)  described  one  marine  form. 

The  purpoce  of  this  investigation  was  to  study  the  marine 
members  of  the  ordex-  Myxobac ter iale s » To  this  end,  various  methods  were 
used  to  obtain  marlre  samples.  Isolation  techniques  were  designed  to 
obtain  as  wide  a variety  of  representative  species  as  possible.  Diverse 
physiological  and  mcrphological  types  were  then  selected  for  further 
characterization  of  nutritional  requirements,  biochemical  properties, 
and  ensymatie  activity. 


COLLECTION  OF  MARINE  SAMPLES 

Samples  of  marine  origin  were  obtained  from  a mmber  of  sources 
and  by  a multitude  of  techniques  in  an  attempt  to  isolate  as  wide  a 
variety  of  species  as  possible.  Fresh  samples  were  obtained  from  the 
Port  Orchard  and  Port  Madlaon  Bay  regions.  In  addition,  samples  of 
aged,  stabilized  sea  water  were  obtained  from  Dr.  C.  A.  Dames.  The 
latter  samples  which  were  2 to  3 years  old  were  obtained  from  the  Beau- 
fort Sea,  located  north  of  Alaska.  Their  past  history  is  available. 

They  represented  composite  samples  of  some  20  to  UO  stations  each, 
collected  at  graduated  depths  up  to  3000  meters  or  more.  The  sanplee 
repx*esentlng  a depth  range  of  $0  to  300  meters  were  selected  for  in- 
vestigation after  careful  appraisal  of  their  past  history.  They 
from  a depth  in  tdiloii  the  density  increased  very  rapidly  compared  to 
the  density  above.  Thus,  tbe  depths  from  which  they  were  obtained 
acted  as  a sedimentary  shelf  for  ths  water  above. 
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The  aanplef  which  were  obtained  from  the  Port  Orchard  and  Port 
Madison  Bay  regions  were  collected  ty  a variety  of  techniques  and 
devices  wnich  included;  the  orange-peel  bucket^  a modified  Emery-Dieta 
corerj  plankton  nets,  a piston  core  sao>pier,  and  atorile  water  campling 
bottles , 

Th?  oceanot  raphic  vessels  EROVN  BEAR  and  tlNCORHYWCHUS  were 
used  for  fielc’  trips_  and  the  formal  vctnel  was  equipped  with  the 
necessaj'y  bacteriological  facilltie.: 

ISOLATTq-  ^ riRE  CULTURES 

Til?  queaticti  arose  as  it  does  in  any  problem  which  involves 
the  isoi.ation  of  a rt presentativa  cross  section  of  a group  of  iricro- 
oritanisMs j »s  to  whether  myxotacoerii,  were  present  in  each  sample;  and 
if  they  w«»r3  present  in  a sample,  w.ir  the  medium  used  for  isolation 
adcouat<!  to  support  their  gri>wth?  Therefore^  a widi-  variety  of  media 
and  plati  techniques  were  employed  for  each  sample.  It  was  felt  that 
this  approach  would  -void  the  seiec'.ive  properties  :.nherent  to  a single 
medium,,  and  hence  provide  a more  representative  group  of  isolates. 

Solid  media  were  prepared  and  included  the  following  additions 
to  a seu  t/aoor  base  and  to  a synthetic  inorganic  baee:  pepi.one,  tryptone, 
beef  extract,  yeast  •?xtract,  serum,  glucose,  amd  either  geltitin  or  agar. 
Different  concentrations  and  comhin«4tions  were  used  Subseciently,  it 
was  found  tivit  a sea  water,  1 0 iier  cent  agar  basal  medium  which  was 

supplewinted  with  0,C5  per  cent  each  of  yeast  extract,  beef  extract, 
and  tryptone,  would  support  best  growth  and  the  wid**st  variety  of  micro- 


ortianioma. 


Iti  addition  to  the  uolid  i’odj.a^  enrichment  media  vrere  used; 

?hi£j'  contaxnc'Cl  a sea  *ator  or  inor;'..’rL-;  rase  supplenirnted  with  either 

Kjc-r,  chitxuj.  cellulase.,  gelatin  or  aol.ihle  starch, 

.‘inrnplrs  were  platec  tiv  al<orf-  solid  inec.la  or  aocdad  into 

'-tur  ijquid  oni’iclynents  - M/xcoa  : „c  x a 're  observed  from  all  of  the 

u.’.','rt  doa  sample -i  which  wore  from  oanpleti  obtained  at 

.:li  o.r  the  ox:,  stations  selectee  In  thf  fort  Madxoon  anci  Pore  Orchard 

r gionu  ’.lowever,  mvxobacttria  >jc,-e  not  observed  in  all  of  tno 

ji. r to  3'..:;  '.Ixrferent  lairlf-*'  talcen  nc  s- oh  of  the  stations^  Tne 

,op  .sndxmontc  and  Ijottom  water  {'mp.c';  .jnually  conlninrd  r.yjcchacturia,, 

.:-u;r;'c.3  till!  bottom  c.(!ctions  c :’  ‘ 'ir  . 'i-  ..-rmplss  and  moot  of  tha  surface 

ilenktoi;  araioi  cild  not  cxntsin  c(yy>  •ic'/;,  1. a.  Kyxobac -pr i ,n  rould  be 

;’ro"  he  I xrt  Orch'.')  u:  or  'x.Jigon  sanf  b-s  oy  direct  plating 

: ,'i  CvViti-an'.,  til  i.-nn  ho:  rfxrt  rm  .••  ..ilch  .intx.i;;  c.ii*iohr.>:nt 

•»! 

;;vio.'  tc  p.  a'.' r.g,, 

•'ji  -.'.If  OH')i‘  of  t^■  • '(  < •;  ■/•TO  O'.  Set '■'-(i  t.v;  loiirse 

.,1"  fr/.a  io' 1 1- at  ,ori  j ol  i-tht  - r,-,  • .•'..'r ch  •.  * ? rtr;  i- 

.ib.v.o  i cl'  Tfi'*'  .'■■'Urje  ^'^x/  ) ••  .1'  . ap'f'oenl, ..  i ! ♦ rr'c  ■ 

in':  ’.jcri,  -.r  j/ < ,,ent?i  f,ii.  ? f ’ ■ j ■ v.  rved  . birv  c ; d , 

•s'i'.p.:.-:*.:.'/.,  , h .2  BS'>,  i-'  i.  i '»-%  '03,  af.c  1').^  Th.; 

. !’  eaoh  ia  ;..,', ; i'-  .!ii  .ni.?6e i-~  bto*  n : 'i^rt'or, 

iicMck  ocltur-ss  were'kvpt  *n  U .rits  which  co.it.i  vneci ; s~i  .•latfr 
to  volume  1 0 'per  cent  agar  ar,-  ■'  . .•h  ; e."  cent  each  of  bc-ef  extract,, 
yer.st  extract  and  tryptone,.  d'-c  .'i-'' ‘■,«>r  o'jpplement  will  bo  referred  to 
an  cyccTihara  •appiomcritj  and  t’.K-  rciii-j-.n  <^3  Ibex  V.-itor  ?y  opl:?.'  A -ar.. 

Best 


» , ’ : i ; : 

■ i:'.  k - 

i-  ^ ^ 

I ijrc3;3  K(?r  ; t-raruifcrrod  evury  10  i.o  15  days  and  were  incuouttci  at 

■.C‘'  i; . -:o  15'^  *C . ' ; i 


IIISTOrtY  2L  inOLATRS  ' i 

Cu  .Lures  Bi-I  and  V:> . -.(ire  isolated  from  the  Beaufort  Oea 
; oMfosiii!  sa;,';plc  which  represented  .stations  1 to;  30  at  a depth  of  50 
i.'.i  !■)')  The  initia]  enr j eh.r. -jiU  were  made  on  a sea  water  medium 

•:u:'.ch  oooord  led  chltDii  propai-'^c?  fre oru-c-penSo 

:;ui.Lur  ,'s  3i  3 and  BSii  v »re  jcolcitecl  from  the  Booufort  oca 
join  JO  It:;  aa  nlr.  which  reprecentjd  JT-a/inns  1 to  25  at  a depth  of  200 
lo  '■'.))  rucir  1 <loth  of  thcar  it olaf-f.  ki  re  obtainetl  froin  oliitin  en- 
: j.(;hrwn1,a;  13  .’r^ni  an  iticrnan: .t  Hli.jr  supplemcntod  with  uquid-pen 
: 'li' i.t’i  .and  i.'.Ii  I'rcm  a sea  watei’  m'i  rroPium  supplomented  \jith  squid- 

t.nitiaa, 

K I 

•i/U.jLuro  r03  was  isolat  >d  ."j-or  ,*ort  Orchard  Day  t'.rom  a vjatsr 

■ I 

pbiai  ,ud  with  the.  J-?lj^oac  aeciological  water  sampler,.  It  repre- 

w • ^ 

■jcni'nd  a botvo.-n  \taiior  sample i'LaK’jn  xn  .'|0  meters  of  v/ator., 

Ou  .turo  r02  was- isolat  'd  ; I'om  Fort  Orcharii  Hay  from  a core 

i . r S*  i ■ 

jiiirplo  obt.jij.ed  with  the..'rmery-rxet;:  gravity-type  core  sampJ.er*  The 

. i 

'■'-f  -i  ■ 

core  r.engtii  '«as  b5  cir.j  bottom  vns  U2  meters^ 

t 

C-j.-ture  F03  was*  Isolated  from  Port  Orchard  Bay  from  a water 

4 

.jum.plv  collected  with  the  J-Z  booteriologicnl  water  sarni^ler..  The  sample 
•.as  Dbtc.:ined  tit  20  meters;  in  li2  tietars  of  water., 

. . if  t 

' ’ -i- 4 

Cul  ture  Wa  w.is  isolated  from  Port  Orchard  Dav  from  a mud 

■ I 

o£,fi.p!o  cbtoii.ed  wiv-h  the  oranp.ft-))eol  buckett  at  a depth  of  22  metsra,, 
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SIZE  AND  SIMEE  OF  ISQUTES^ 
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0.5-0*7 

X 

2.0-3 

tapers 

Plate 

I,  fig,.  2^ 

POl 

c. 5-0*7 

•X 

2*5"6 

ro'.inded 

Plate 

II,  fig.  1 

P02 

C,a-0*6 

X 

6*0‘20 

roinderi 

Plate 

II,  fig.  3^ 

POi 

0,li-0,6 

X 

6.0-20 

rounds d 

Plate 

II,  fig. 

POu 

O.U-0,6 

X 

2,5-6 

ro  landed 

Plate 

II..  fi£o  2 

Neasuroiranoa  were  made  on  l-oay-?ld  to  2-Jay-old  cultures  which 
had  beon  grown  on  pe!^rl  plates  cor.taliing  a sea  water  1 per  cant 
a^ar  base  plus  0,C‘'  per  cent  each  of  beef  extract,  yeast  extract, 
and  trypbono,.  Culturea  wer?  inoi.ated  at  10°  C,  to  15®  C,  Tre- 
paratlons  were  made  by  placing  a -mall  piece  of  agar  on  a glass 
slide  and  covering  with  a cover  slip,  A binocular,  oil-immersion, 
phase  microscope  equipped  with  a calibrated  micrometer  was  used, 

^ Plate  I,  figvires  2 and  3 demonstrate  involution  forms  and 
microcysts,  respectively* 

^ Plate  I,  figure  1 shows  involutio..  forms. 

^ Plate  II,  figures  3 and  U shew  habit  patterns  obtained  from  im- 
pression smears  of  young  cultures.-  Filaments  are  also  present.. 
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CilAnACTKRIZAVION  ^ TW.  ISOLATES 
Cytolog^caliand  Morphological  InvcetlKatlona 

Vegetablvo  Cell  i ’ ‘ ’ 

Variation  in  size  o'  tie  vtgettitive  cell  amorig  individuals  cf 

a clone  is  apparently  a functi.cn  of  the  conditions  of  grox<th.  The  age 

' { 

of  a culture,  the  concentration  of  ovbstrates,  and  the  consiateriCy  of 
:ihe  substrate  are  some  of  the  faotorc  which  govern  size  .range, 

Young  cultures  usually  ahoved  a predominance  of  longj  slender 
rodo  and  occajlonal  filaments,.  Ilexlbility  van  marked*  However,  somo 
cultures  showed  a consldorablo  propoi  .;irn  of  short  rods  and  coccoidal 
olomcnts  at  the  earliest  stagoc  of  drvelopirent,  ^Hizarre  forma  were 
]jre:3ent  in  aged  cultures  and  *couI.d  be.  norifussd  with  typical  microcysta, 
ria',c  I,  figura  2 deinonotratea  ijivol;  ';ior.  forms  in  contrast  to  micro- 
cystc  shown  in  figures  3 and|h» 

The  effect  of  nutrient  con'.cntraticn  and  cubstrate  consistency 
on  regetutive  ce).l  morphology  is  dis;  iisiv.d  by  Stonier  (19h7)  An  un- 

'•  t 
' r 

favorable  medium  favored  the  :devcilopn.ent  .of  shorter  cello  which  tro 

h 

augr.estivo  of  u small,  nonnKitile..  Orii.i-re-^atlve,  true  bacterium.  A 
■-L  per  cent  agar  base  permitte<3  the  .we3  c pinent  of  longer  ce].l  forms  and 
also  of  filatr.ant.s,  whtireas  a h per  cuit  agar  base  favored  tho  devoiop- 
nont  of  shortor  cells, 

Ccnsequently,  prior  to  meafrrfment  of  vegteative  colls,  the 
conditions  of  growth  nhould  bo  defined*  l^easurcmenta  of  the  eight 
Isolates  (sf-e  Table  1)  were  made  fror.  young  cultures  which  had  born 
,jro'.;n  on  plater,  containing  the  Gi?a  ’'.'cd.ei’  Cytophaga  A.^or  medium.. 


. Best  Available  Copy 


TABLS  1 

SIZF>  AND  SHAFE  OF  ISOUTESl 


Cultiire 

Nuiober 


tiae 

microns 


S:-iap€ 


r hotomicrograph 


Oi5-O.V  K 2^5-6  rounded 

0»5-0o7  X 2-,5-3  reminded 

0«$-0o7  X 2,5-U  rounded 

Oa5-Oj7  X 2«0“3  ta;.ers 

0^5'*0<.7  X 2*$"6  rounded 

OvU-^4^  X 6o0-20  roi  ndod 


Plate  I,  fig.  T 
Plate  I,  fig  . 1^ 
Plate  I,  fig,.  2^ 
Plate  II,  fig.  1 
Plate  II,  fig.  3^ 


0,U-0,6  X 6.0-20  rotinded  Plate  II,  fig, 


0,U-0«6  X 2,5-6  rounded 


Plate  II,  fig.  2 


Measuromanua  were  made  on  1-oay-old  to  2- Jay-old  cultures  vhich 
had  been  grown  on  petri  plates  cor.taliing  a sea  water  1 per  esnt 
agar  base  plus  0,C5  per  cent  each  of  beef  extract,  yeast  extract, 
and  tryptons.  Culturee  wer?  incu.ated  at  10°  C,  to  15°  C,  ."re- 
parations vere  made  by  placing  a '.mall  piece  of  agar  on  a glass 
slide  and  covorxng  with  a co\er  slip,  A binocular,  oil-immersion, 
phase  microscope  equipped  with  a calibrated  micrometer  was  used, 

^ Plate  I,  figures  2 and  3 demonstrnte  Involution  forms  and 
mlcrocysts,  reapectlvely. 

^ Plate  I,  figure  1 siiows  involutio.i  foi'ms. 

^ Plate  II figures  3 and  U shew  habit  patterns  obtained  fron  im- 
pression smears  of  young  cultures  Filaments  are  also  present 


Flexibility,  Kotlllty  ari'i  Swarmiag 

DcRrnes  ci'  .'le  ci'ollity  of  ’’ e vegetative  cells  are  eeoa  in 
yourii;  cultures..  The  j;hooomicrograpK:>  shown  in  Hate  IV,  figures  1 and  3 
demonstrate  the  numerous  "S”,  "O',  rn  1 ''loop"  configurations  which  may 
be  present* 

The  rate  of  fo’w.ard  ■ v;js  measured.  Some  cells  were 

obofirved  tc  move  at  an  average  ritt  c.  '0  microns  per  minute.  Stanier 
(19a0)  dSEcriced  nyxobac :erial  raoticr.  ci;  i slow,  even  gliding  in  one 
direction  witt  none  o.r  the  rnoid  dir?  ; .onal  clianges  associated  viith 
the  notilit;.  cf  the  flagullat:-d  jr^f . r s. 

Tj'ploal  masn  swarininfj  »a.  £<ri/ed  for  all  cultures.  Plate  III 
aemonstratec  this  clia;'ac Jerl3..ic , I i.vs  1 ;md  2 wire  taken  appro:'imac«ly 
1 hoiu:  aptTw . This  e.iori  period  ejx  .P  i.  h uhe  possibility  of  oufcwan; 
colonial  gKwth  as  a ojiv-ie  of  cotoni  ' >novement.  ri^ure  3 demonuu'ates 
a tyjjical  nooccbacterial  odgej  fi'uu  , hows  the  pathways  formed  in  the 
agar  by  an  j gar-digesicr . 

^'icrocysts  cnc  Fruiting  bodies 

Conflicting  opinlonc  i .ise  concernlnt;  the  presence  or 

absence  of  ndcrocysts  could  be  die  to  tiirir  n;£CiTibiance  to  ring  fonns. 
Comparison  cf  Plate  I,  figure  2 aIH  :ia-,e  I,  figure  U and  with  Plate  IV, 
figure  ii  shows  the  dLfference  between  t?Jig  forms  and  mlcrocysts,  .'eapectlve- 
ly.  The  later  photonacrograplis  jhcuj.  1 be  comj'arcd  to  Speyer's 
picture  of  the  ndcrocysts  of  Sporocvtopliaga  ncorococcoides.  ConTxrnation 
of  micro^st  formation  should  shew  an  increase  in  numbers  with  age,  and, 
if  possible,  germination  of  the  mlcxorryst.  The  ability  to  form  these 


- . ) 


structures  is  ;jro;itly  retarded  I'ith  age  of  the-  ouHuro  a-ii  by  eeriol . 
transfer  on  artifilcial  media.. 

Microcyota  werr  formed  l>y  culturen  F02;,  r03,i  and  by  all  of  the 
.Benufort  Sea  isolate?  o 


!',alt.lpllcatlon,  Oram  Roactior..  .'..id  C-rc-nulation 

?<ultip!licatU)n  Ic  '.riu;  ivei  at  by  c<'nsl/riction.  Thus,  the 
lvui]r.,{f  end  of  tho  daughter  c'-lls  riay  be  teperod  (soc  Plate  I, 
figure  2). 

/ill  of  the  inolatoa  wore  f.-rs;'; --negative.  Granulation  “rfas 
CLsarvod  in  the  eloctron  'locpc  (ree  Plate  IV,,  ri,,3'jr33  1 .vnd  3)> 

Rlochomical  and  rb./s5-o!.ORlcal  Characterlgatlon  • 
Bicchortt'.cnri  rnd  rbysiobcgicol  chr.rcctorizc.tlon  of  i-crmborc  of 

''I  ■ ' 

tho  order  VyA'S>r. c teria'.e a hu.s  Ir  :scc  far  behind  norpholugical  ctudicr;- 
thir-:  section  of  the  investigation  rtprccertn  an  attempt  to  rccogni?.e 

A 

dlffurcntlal  blccliernical  and  p livniol ogi cal.  c’acractcrs  of  the  Icolabec., 
Tab?,<»  2 lists  ti.e  composite  results. 


•4  it  rate  reduction 

The  ir:o?.ato3  werr-  ir.  a sea  uator  0,2  per  cent  agar  bz.ee 

which  contained  0,1  per  cer.t  plus  cytoplicga  supplement.  Cu?-turcn 
were  incubated  rt  10"^  C,  to  1!;'^  C.  .for  8 days,  Tho  standard  test  for 
nitrite  was  ussc.,  Fjccopt  for  cultures  BS2  and  3S1,  all  of  the  .isolctos 
reduced  nitrate  to  nitrite.. 
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TABLE  2 

GENERAL  CFAHACTERISTIOS  OF  THE  ISOLATES^ 


J1 


Nitrate  reduction 


B31  BG2  BS3  BSl*  POl  P02  P03  POU 


Gelatjji  liquefaction 


♦ + ♦ 


Ltaroh  hydrolysis 
Cellulose  degradation 
Chltin  dei^radatlon 
A^jar  liquefaction 


♦ ♦ ♦ ♦ 


Catalase 


♦ ♦ ♦ 


Cytoohromee 


■f  + ♦ 


r.adi  test 


A-naerobic  growth 


Relative  growth;  •,  no  gr.jwthj  +,  growth. 


Gelatin  Liquefaction 

Liquefaction  oi'  e;elatln  was  obeerred  in  a medium  which  con* 
tained  grams  of  ge^.atin  per  100  ml,  eea  water > Cultures  were 
Incubated  for  8 days  «.t  10®  C.  to  C,  The  four  PO  isolates  liquefied 
gelatin;  the  BS  isolates  did  not. 

Starch  Hydrolysis 

Hydrolysis  c.'  rtarch  was  tested  in  a msdiun  which  contained: 
semi‘Solid  agar,  inorganic  salts,  an  amiro  acid  supplement  of  approxi- 
mately 22  commercial  cnlro  acxds.  a vitamin  supplement  of  approximately 
13  commercial  B vitamins,  cytophaga  suprloment,  and  soluble  starch :> 
Cultures  were  incubated  at  10^’  C,  to  15®  C>  for  10  days.  Iodine  was 
used  as  the  test  agent  Cxilturee  POl  and  POU  were  positive;  the  other 
cultures  were  negative.. 

Celluloee  Utilization 

The  agar  and  starch  were  omitted  from  the  staurch  hydrolysis 
test  medium  listed  abeve,  and  cellule se  was  added  in  the  foinn  of  filter 
paper  or  as  a preparation  obtained  from  the  mats  produced  by  Acetobacter 
xylinum  (Dlckerman  and  Starr,  1951)  All  cultures  were  negativer 

Chitln  Degradation 

The  medium  used  for  this  test  contained  the  3ea  Water  Cytophage 
Agar  base  supplemented  with  a suspenaion  of  chitln  prepared  from  squld- 
pene.  Dissolution  of  the  suspended  chitln  wee  obaorved  for  the  PO 
cultures  only. 


Agar  Liquefaction 

Culture  roU  liquefied  agar  readily  on  all  media  containing 

agar. 

Sodiuia  Chloride  Toleranco 

Thla  teat  was  performed  in  £.  liquid  basal  medium  similar  to 
that  used  for  starch  h/drolyslEc  Increasing  concentrations  of  NaCl 
wero  added  to  the  agaj'-free  medium.  Table  3 lists  the  results, 

Garbc hydrate  Utllizati.an 

This  test  was  («i'forme<l  in  a complete  medijm  supplemented  with 
apprcximatsly  0,1  per  cent  of  the  eugars  listed  in  Table  ii.  Utilization 
of  tho  sugars  was  tested  for  by  quantitative  measurement  of  the  amo\mt 
disappeariagi  according  to  tJje  method  of  'aifer  et  at  CWlil). 

Catalase 

Cetalase  was  determined  by  :he  addition  of  3 per  cent  hydrogen 
peroxide  to  a stroak  plate  of  the  organism,  end  by  the  addition  of  a 
suspension  of  the  orgiuilem  to  th(>  peroxide.  All  of  the  isolates  were 
catalase  positive  excupt  for  cultures  roZ  and  t>03. 

Cytochromes 

Cytochrome  were  determinerj  with  a hand  epee  tropho  tome  ter. 

A strong  cytochroi.ie  c hand  was  observed  with  cultures  POl,  POU,  BSl, 

BS3,  and  BSU>  Ho  bend  could  be  detected  for  cultures  P02  and  P03« 
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TABLi  3 

REurivr:  onaTH  in  the  pnESEncE  of  n*ci 


i Nad 

PSl 

BS2 

BS3 

BSil 

FOl 

P02^  P03^ 

POU 

0 

• 

- 

♦- 

•f* 

- 

- 

♦♦ 

0„1 

- 

- 

♦ 

> 

- 

- 

♦ 4> 

Q.h 

♦ 

* 

++ 

- 

m * 

♦ 4-  + 

1,0 

♦♦ 

* 

♦+ 

' 

««»  M 

♦ ♦♦ 

2o5 

** 

■f  •♦• 

♦ 

♦ ♦ 

*** 

U..0 

♦♦ 

♦ 4- 

♦ 4- 

♦ ♦ 

♦ 

♦ 4- 

♦ ♦♦ 

6.0 

~ 

- 

- 

♦ 

3.0 

- 

4* 

- 

•• 

•• 

- 

10,0 

• 

m 

m «• 

P02  and  P03>  0,2  per  cent  agar  added  to  nedlum. 


i'-j 


iiarr*^iwfii 


UTILIZATION  OP  CARBOHTDRATFsl 


No  augar 
Arabinosa 


Olucoae 


BSl 

BS2 

BS3 

BSli 

POl 

P02 

P03 

POl* 

lU/- 

50/~ 

11*/- 

11*/- 

50/. 

50/- 

50/- 

11*/- 

5/86 

5/0 

50/35 

8A 

8/51* 

21*/2 

50/0 

26/2 

26/1 

6/5U 

lli/0 

50/0 

8/3 

8/0 

2l*/2 

26/3 

26/1 

5Ai 

5/91 

10/8 

50/U2 

8/82 

8A2 

21*/15 

50/51* 

26/8 

26/0 

8/79 

5/80 

50/0 

lU/50 

8/3 

ll*/52 

2i*/0 

50/12 

26/2 

26/0 

8/65 

5/72 

s/e 

50/77 

5/67 

8/31* 

2l*/0 

50/9 

26/2 

26/0 

6/66 

5/91 

50/0 

8/87 

8/61* 

50/0 

26/0 

26/0 

8/7U 

5/92 

50/0 

8/0 

8/72 

2l*/52 

26/0 

26/0 

6/92 

5/86 

8/3 

10/0 

8/32 

2l*/0 

26/2 

26/0 

8A7 

Nuaibara  indloatei  dara  ineubation/par  cent  augar  utlliaed 


Oxidase 


i 

► 


■5: 


Cytochrome 


Cytochrome  oxidase  v/as  determined  according  to  the  method  of 
Keilln  (1929).  A positive  reaction  was  noted  for  cultures  BS1«  BS3j 
BSh}  and  P0'4»  Cultures  P02  and  P03  were  negativeo 


Anaerobic  Growth 

Oilturea  wei‘c  grown  on  complete  media.  Brewer  anaerobe  jars 
were  used  to  obtain  and  maintain  anaerobic  conditions.  The  air  was 
replaced  by  hydrogen  and  5 per  cent  carbon  dioxide.  Anaerobiosls  was 
determined  using  a methylene  blue,  alkali,  and  glucose  indicator. 
Aerobic  controls  grev  well  within  $ days.  Ko  anaerobic  growth  was 
evident  under  the  cordltlons  of  the  experiments.  Cultures  which  were 
incubated  anaerobically  for  6 days  and  which  showed  no  eigns  of  growth 
were  subsequently  Incubated  under  aerobic  eonditiona.  Growth  was 
svldsnt  in  5 days. 


Nutritional  Studies 

The  available  literature  which  dealt  with  the  nutritional 
requirements  of  members  of  the  order  Mjyxobacteria'.es  revealed  no 
distinctive  characterietice  consnon  to  the  group  as  a tdiole.  Apparently, 
heterogeneity  of  nutritional  requirements  is  concurrent  with  their  varied 
habitats  and  universal  distribution  as  it  is  with  other  bacterial  orders. 
An  attempt  was  made  in  this  part  of  the  laves tlgatloo  to  datarmlna  the 
nutritive  requirements  of  the  isolates. 

A syfathetic  inorganic  base  was  developed  which  supported 
growth  of  all  of  tha  isolatas  upon  the  addition  of  cytophaga  supplamant 
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and  oarbohydrfite,  Th?  ajmthetic  inorganic  base  contained < (grams  per 
100  la^  solution)  Na:i,  2,5j  KCl,  0 1;  K2HPO^o3H20,  0,08j  KgSOi^‘7H20,  0«0Uj 
0,001]  and  FeCl^<>6‘l20,  0,0001;  Tho  complete  medium  had  a final 
pH  of  7 ^2  to  7eU«  All  ej^srlments  to  be  described  were  done  in  this 
pH  range. 

The  isolate:  .fell  within  fo\»r  well-defined  categories. 

Cultures  FOl  and  POU  were  ti.e  least  fastidious  of  the  eight 
isolates,  ?he  former  liquefied  agar.,  whereas  the  latter  did  not. 

Table.'  5 sumnarizes  th?  nutrit.Lve  reqi.:. rements  of  these  isolates.  Their 
ndninal  requirements  /cre  satisfied  1.7  an  inorganic  base  plus  a carbo- 
hydrate or  bj  a synthrtlo  mixture  of  amino  acids  in  a nitrogen-free 
inorganic  base 

Cultures  POi  and  P03  did  net  grow  in  liquid  media  which  wore 
rotated,  and  they  gre.  poorly  in  liquid  media  which  were  incubated  un- 
disturbed. Growth  wa3  a.ihancod  by  tl.o  addition  of  a semi-solid  agai’  to 
a synthetic  medium.  Table  6 summarijea  the  nutritional  requiremonts  of 
these  isolates.  It  siould  be  noted  tiiat  the  requirements 

correspond  to  those  of  the  previous  fcroup  except  for  the  effect  of  a 
semi-solid  substrate  on  growth. 

The  growth  requirements  for  cultures  BS3  and  BSl*  were  similar. 

They  could  be  grown  01  a synthetic  medium  containing!  amino  acids, 
carbohydrate,  and  thiamin.  Table  8 summarizes  the  results  of  several 
experiments  which  were  designed  to  show  the  requirement  for  thiamin. 

Cultures  OSl  and  6S2  loth  had  a thiamin  requirement  which 
could  be  demonstrated  in  a complete  medium  containing!  carbohydrate, 
cytophoga  supplement,  amino  acids,  and  vitamin  supplement  minus  thiamin. 


TABLE  5 

NUTRITIOMAL  RBQUIFLIMBITS  OF  CULTURES  PCI  AND  POU 


Additions  to  thu  Basal  Xedium^  Relative  Growth 

POl  POl* 


1. 

No  additions 

- 

- 

2. 

(NH^)2S0j^,  CoOCCil  per  coat 

- 

m 

3, 

(NHj^)2S0j^,  0.1  per  cent 

- 

um 

ho 

Glucose  or  lactose,  0.1  to  0.5  per  cent 

- 

m 

5* 

2 ♦ h 

■0 

- 

6. 

3 ♦ U 

♦2 

7, 

Anino  acid  supplement,  0,1  n>l/100  ml^ 

m 

«» 

8. 

Amino  acid  scp^leawnt,  1.0  alA^O  ml 

- 

9. 

li  ♦ 7 

♦♦5 

10, 

U > 8 

♦ 

♦5 

11. 

Vitamin  supplenent,  1.0  ml/l^ 

m 

- 

12. 

2 ♦ U ♦ 7 ♦ 11 

+ 

Basal  nedium,  grans/lOO  mlt  2«5»  NaClj  0,1,  KClj  0»06,  F2HPO]. *311201 
O.Oli,  MgSO^.THgOj  and  0.0001,  FeCl3*6H20. 

^ High  concentratior  8 of  Inorganic  nitrogen  plus  a carbohydrate 
svg)ported  growth. 

3 Astino  acid  and  vilamin  supplements  (see  Table  7). 

^ High  concentrations  of  amino  acids  supported  growth  alone » 

^ In  the  presence  oi'  carbohydrates,  low  concentrations  of  amino 
acids  supported  better  growth  than  high  concentrations. 

^ Vitamins  did  not  nnharice  growth. 

^19’ 


TABLE  6 

nutritional  RfiQUiR3<ENTS  OP  CULTURES  F02  AND  F03 


Additions  to  the  Basal  Kedium^ 

Relative  Growth 

1. 

No  additions 

- 

2. 

Casein  hydrolysate,  O.CO!>  per  cant 

♦2 

3. 

Casein  hydrolysate,  O.Cl  per  cent 

++ 

U. 

Casein  hydrolysate,  O.Ga  per  cent 

♦♦ 

5. 

Vitunin  suprlenirnt,  1.0  rd/lOO  ml^ 

- 

6. 

2 *$ 

♦3 

7. 

Glucose,  0.5  per  cent 

- 

8. 

Amino  acid  si^iplement,  0.1  mlA^ 

- 

9, 

7+8 

10. 

9 ♦ cytophaga  Supplement,  1,0  ml/lOO  ml 

^ Basal  medium,  gram?/lOO  ml:  2«5»  NaGl;  0«1,  KCl;  0.08,  K2HF0|^*3H20| 
O.OU,  MgS0lj*7H20j  0.0001,  PeCl3*6n20j  0,001,  (NH|^)2S0kJ  and 
0.2,  agar. 


^ Growth  occurred  in  the  inorganic  base  in  the  presence  of  casein 
hi^drolysato. 

^ Vitamin  supplement  did  not  enhance  growth. 

^ Gytophaga  suppleme't  enhanced  grofwth  in  the  presence  of  glucose 
and  amino  acids. 

^ A««*n«  acid  and  vitunin  svq^plewnts  (see  Table  7). 
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TABLE  7 


AMINO  ACID  SUPILEWaiT  LW  VITAMIN  SUPPLEMENT 


per  cent  per  cent 


L-arginine'HCl 

0.03 

Thiamin. HCl 

0.05 

X 10-3 

L-asparaglne 

0.03 

Niacin 

0.1 

X 10-3 

L-histidlne>HCl 

0.01 

Ca  pantothenate 

0o05 

X 10-3 

OL-alpha  alanine 

0,03 

Riboflavin 

0..01 

X 10-3 

L -hy  droxypr  ine 

0.0C06 

PypidoxinecHCl 

0,02 

X 10-3 

I-leaclne 

O.OC-5 

Pyridoxanlne « HCl 

0,01 

X 10‘3 

DL-lysiiie*HCl 

0,01 

p> Amino-bens ole  acid 

0.01 

X 10-3 

OL-nethlonl.ie 

0,006 

Biotin 

0.2 

X 10-^ 

QL'phenylalanine 

O.OC'li 

Choline* HCl 

1.0 

X 10-3 

L-proline 

o,xu 

i- Inositol 

IcO 

X 10-3 

DL-eerlne 

0.01 

Polic  acid 

0.1 

X 10-^ 

DL-threonlna 

0.01 

Vitamin  B-12 

0.05 

X 10-^ 

L-tyrosine 

o.oC'U 

L'tryptophaie 

0,005 

DL'valine 

0.0C5 

DL'leoleucine 

0,005 

L>glutamic  acid 

0,05 

Olycine 

0.05 

Stock  solutions  of  the  anino 
acid  supplement  were  mace  in 
concentrated  form  anci  uaeu  at 
the  rate  of  S nlAOO  ml  solu> 
tion  to  achieve  the  1 iml  per 

Stock  solutions  of  the  vitamin 
supplement  were  made  in  con- 
centrated form  and  used  at  the 
rate  of  1.0  ml/lSXi  ml  solution 
to  achieve  the  final  per  cent 

cent  of  each  indicated  abeve.  of  each  indicated  above^ 


TABLE  8 

NUTRITIONAL  REQUIREMENTS  OF  CULTURES  BS3  AND  BSU 


Additions  to  the  Basal  Medium^ 

Relative  Qrowth 

1. 

No  additions 

m 

2. 

Amino  acid  supplement,  0,1  to  0,5  ml/lCO  ml^ 

- 

3. 

Vitamin  supplenent,  1,0  ml/lOO  ml^ 

- 

li. 

Qlucose  or  lactose,  0,S  per  cent 

- 

5. 

03'tophaga  supplement,  1,0  ml/lOO  ml 

4'. 

6. 

2 ♦ 3 

4. 

7. 

2 + 3 ♦ U 

44 

8. 

2 ♦ 3 + U + 5 

4442 

9, 

7 minis  thiaodr. 

.3 

10. 

li  * thiamin,  0.1  mg/lOO  ml 

4-U 

11  o 

10  > amino  acic  supplement,  0,v  ml/lX  ml 

45 

^ Basal  msdlunij  granVlOO  ml  solutlont  2,5}  MsClj  0.1,  KC1{ 

0p08.  K23P0|.»3H20i  O.OU,  MgSOh.TH^Oj  0,001,  (NHi.)2S0i,j 
and  0.0001,  FeCl3«6H20,  ^ 

2 

Addition  of  cytoplaga  supplement  to  the  conplete  medluBi  enhanced 
growth, 

^ A medium  deficient  in  thiamin  would  not  support  growth, 

^ Thlanin  supported  growth  in  the  presence  of  a carbohydrate, 

^ Amino  acids  enhanced  the  thiamin  effect. 

^ awtM  acid  and  ▼iiomin  supplesmits  (see  Table  7), 
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Addition  of  thiamin  to  this  medium,  which  did  mt  support  growth,  gave 
growth.  Culture  BSl  did  not  require  the  cytophaga  supplement,  whereas 
culture  rs2  required  thf  presence  of  cytophaga  supplement.  Table  9 
summarizes  these  results . 


Enzymatic  Activity 

A voluminous  literature  exists  on  the  nature  of  carbohydrate 
utilization  by  bacteria,  yeasts,  plants,  and  mammalian  tissues.  Path- 
ways for  glucose  degradation  have  been  established  end  accepted,.  The 
purpose  of  this  part  of  the  investigation  was  to  gain  an  insight  into 
the  problem  of  carbohydrate  utilization  by  studying  the  enzyme  systems 
of  several  of  the  isolates. 

Organiasis 

The  organisms  used  were  selected  froir  the  eight  isolates 
described  in  previous  sectionst  BS3,  BSU,  and  roU'. 

e 

Wedia  Peed 

Ths  following  basal  medium  was  used  for  growth  of  mass  cultures 
NaCl,  2.5  per  cent;  K2HPO^o3H20,  0.06  ;^er  cent;  MgSOji^<>7H20,  per  cent 
(NH]|)2S0{^,  0.001  per  cent;  PeCl3*6H20,  0.0001  ;«r  cent;  yeast  extract, 
beef  extract,  and  tryptone,  0.05  per  cent  each;  amino  acid  supplement, 

0.1  ml/lOO  ml;  and  vitamin  supplement,  0.5  ml/lOO  ml.  One-tenth  per  cent 
glucose  or  fructose  was  added  to  tho  basal  med3.ua. 


TABLE  9 

MUTRlTlON/iL  REQUIREMENTS  OP  CULTURES  BSl  AND  BS2 


Additions  to  the  Basal  Medium^  Relative  Orowth 

BSl  BS2 


le  No  additions 

2«  Olucose  or  lac toss,  0^5  per  cent 
3,  Amino  acid  auppl.oment,  0.1  irl/lCO  ml^ 

U.  Vitamin  aupplem«mt,  1.0  ml/lOO  ml^ 

So  Cytophaga  supploment,  1.0  ml/lOC‘  ml  • - 

6.  24-3'*'h  - 

7o2^3^U  + 5 ♦ 

8,  7 minus  thiamin  -3  . 

9o  2 + 3 ♦ 5 ♦ thiv^oin  0,1  mg/100  ml  ♦ 

10«  Thiamin,  0.1  mg/lOO  ml}  lactose,  0,1  per  cent; 

amino  acid  supplement,  0.5  ml/lOO  ml  . 

11.  5 ♦ 10  ♦ ♦ 

^ Basal  medl’^■n,  .■'vams/lOO  ml  solutiont  2.5^  NaClj  0,1,  KCl; 

0.08,  K2HFOh«3H20;  O.OU,  HiS0^«7H20;  0,001,  (llHi*)2S0^; 
and  0.0001,  FeC33«SH20. 

^ A complete  medium  supported  growth  of  both  isolates, 

^ In  the  absence  of  thiamin,  the  complete  medium  did  not  support  growth, 

^ Thiamin  could  be  supplemented  for  the  cytophaga  supplement. 

^ Culture  BS2  required  cytophaga  supplement  in  addition  to  thiamin  as 
shown  in  Addition  no^  11, 

^ Amino  acid  and  vitamin  supplements  (aee  Table  7}* 


Engyme  Preparation 

Cells  wero  harvested  and  washed  in  phosphate  buffer  (pH  6.6, 
M/20).  Extracts  wore  prepared  by  grinding  equal  parts  of  cells  and 
levigated  alumina,  Ihe  mixture  was  suspended  in  five  parts  of  phosphate 
buffer  and  spun  down  in  the  Porvell  centrifuge  for  30  minutes  at 
lOjOOO  rpm.  The  supernatant  wis  used  Inmediately  or  froxen  prior  to  use. 

Determination  of  Enzyme  Systems 

Hsxokinase  and  fructoklnase  were  determined  according  to  the 
method  of  Klein  (1^5.*).  Phospiohexcselsomerase  was  determined  according 
to  the  method  of  Roe  (193lj)  ani  Meyerhof  (1933).  Phoephofructokinase 
and  aldolase  were  determined  according  to  the  method  of  Sibley  and 
Lehninger  (19U9).  Qluco&e*-6-pTosphate  dehydrogenase  and  6-phosphogIu conic 
acid  dehydrogenase  were  determined  according  to  the  method  of  VJarburg 
et  al  (1935,  1937). 

Results  and  Discussicn  of  Enzyee  Systems 

The  enzyme  systems  aid  ths  Isolates  which  were  tested  are 
listed  in  Table  10 « 

An  active  tystem  which  catalyzed  the  reaction  glucose  (Q)  to 
glucose«6«pho8phats  (Q«6>P)  in  the  presence  of  adenosinetrlphosphate 
(ATP)  was  found  in  be  th  glucoss  and  fructose  grown  cells  of  the  three 
cultures  tested.  Table  U lists  the  quantitative  data  which  represents 
glucose  and  fructose  utilization  by  these  cultures.  In  addition,  the 
enzyme  system  which  .:ata3.yzed  the  reaction  fructose  (F)  to  fructose-l- 
phosphate  (F-l-P)  in  the  presence  of  ATP  was  tested  for  in  glucose  and 
fructose  grown  cells  of  c’lltures  PSli  and  rol. 


TABLE  10 


ENZniE  SYSTEMS  INVESTIOATEO 


Substrate 

Prodiucft 

Enzyme 

Cultures  Tested 

0^ 

Q«6«FI’^ 

Glucukinase^ 

BSU 

POU 

BS3 

F-6*f|J* 

7 

Fructokinase 

BSU 

PoU 

0-6-P 

F-6<» 

Phospbohexoseisomerase 

BSL 

PoU 

BS3 

F-6-P 

p-i,es.3 

Pho sphof rue t okinase 

BSU 

poU 

F-l,6-P 

Tp5 

Aldolase 

BSU 

POU 

BS3 

Q-6-P 

6-PCM^ 

0-6 -P  dehydrogenase 

BSU 

PoU 

BS3 

6-FGA 

pyniwaits 

Splitting  enzyme^ 

BSU 

POU 

Ps,  sp.^ 

6-POA 

(pentcDsa) 

6-PQA  detqrdrogenase 

BSU 

^ 0:  glucoae 
2 

O-6-Ft  glucoM-4—ohosphato 
^ F ! fructose 

^ F-6-Ft  fructo<es><6  •phosphate 
^ TPi  trlose  ph«apiiite 
^ 6-FOAi  6-phospttiog Laconic  acid 

7 

Olucokinase  and  fvictoklnase t both  glucose  and  fructose  grovn 
cell'oxtracts  veerc  tested, 

g 

Ps,  sp,  t Pseudoananas  saccharophila  used  as  a control, 

^ Splitting  enayiasi  Entner  and  Doudoroff  (1952) 


Evaluation  of  the  reeults  (see  Table  11)  Indicated  that  aeveral 
hexokinaaes  may  exiat  idiich  differed  mainly  in  their  affinities  for  0 
and  F.  The  investigations  of  Klein  (19$3)  showed  similar  evidence  for 
different  hexoklnaees  in  Pseudomonas  putrefacienso 

The  next  seirles  o'?  reactions  which  were  investigated  were  those 
involved  in  the  conveirsion  of  G-6-P  to  trlosephosphates  (TP).  The  three 
ensyme  systems  Implicated  were  ph'‘.phohexoselsomerase,  phosphofructokinaae 
axid  aldolase.  They  c.italyzed  the  respective  reactions:  Q-6-P  to 

F-6-P  to  F-l,6-P  to  T?o  Enzyme  preparations  which  were  tested  gave 
positive  evidence  for  the  presence  of  these  systems.  Thus,  the  glycolytic 
enzyme  systems  as  est ii'ollshed  for  yeasty  some  bacteria,  and  mammalian 
tissue  were  present  i:i  all  of  the  Isolates  tested.  The  steps  involved 
the  conversion  of  glu:ose  and  iructoae  to  trlose  phosphates. 

The  observation  that  aerated  cultures  gave  increased  cell 
yields  suggested  the  possibility  of  an  alternate  oxidative  mechanlan 
operating  in  carbohydrate  utilizationv 

The  ensyne  system  which  catalyzes  the  reaction,  0<-6<>P  to 
6>phosphogluconlc  acid  (6-PQA),  was  studied.  Culture  BSU  was  selected 
for  study  of  the  specificity  of  this  reaction  which  was  followed  in  the 
Beckman  spec trophotoms ter  (see  Figure  I).  The  addition  of  triphoepho- 
pyridine  nucleotide  (rPN)  to  the  reaction  mixture  which  contained  the 
enzyme  preparation,  O'S'P,  and  buffer  gave  the  calculated  change  in 
optical  denaity.  Substitution  of  diphoaphopyrldine  nucleotide  (DFH) 
for  TFK  was  ineffective.  Howaver,  if  TFN  was  added  to  the  reaction 
mixture  which  contained  the  inf.ctive  OFN,  a change  in  optical  density  was 
observed.  Thus,  the  specificity  of  TIV  for  this  ensyme  system  was 
establishedc 
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TABLE  U 


OLUCOKINAS]!;  And  FRUCrOKINASE  ACTIVITY  OF  POU  AMD  BSU 


Substrate^- 

Fructose^ 

grown 

POU 

Glucose^ 

grown 

fOh 

fYuctose^ 

grown 

BSU 

Glucose^ 

grown 

BSU 

Glucose,  initial. 

26.5 

28.0 

28.3 

3U.0 

Glucose,  final 

13e3 

7.0 

9.3 

6.3 

Fructose,  initial 

31.0 

26.5 

22,0 

33.0 

Fructose,  final 

31.0 

20„3 

10.0 

21.8 

Substrate:  numbers  ars  micrograms  per  ml. 

Fructose  grotm  JOU:  sbr(»ig  glucoklnase  activity  and  no 
fructokinase  activityo 

3 Glucose  grown  POl;:  sti^ong  glucoklnase  activity  and  weak 

fructokinase  activity » 

^ Fructose  groim  BSU:  strong  glucoklnase  activity  and  strong 

fructokinase  ^tivltye 

^ Glucose  grown  BSli:  strong  glucoklnase  activity  and  weak 

fructokinase  activity. 


Tixw  (minutes) 


Beckman  quartz>cuvettes  were  used.  The  reaction  mixture  contained 
in  a total  volume  of  3.0  ml:  2 3 m2  of  Trls  (hydroxymethyl) 

aminomethane  buffer  (iP(/20,  pH  8.0),  0,1  ml  of  0-6>P  (U.5  micromoles), 
0,5  ml  enzyme  prejraration,  and  0,1  ml  (100  micromoles)  of  Tm. 


DFV  was  substituted  for  TPN  as  described  in  note  1,  Ho  change  In 
optical  density  we.s  noted, 

^ TFM  was  added  to  the  reaction  mixture,  described  In  note  2,  at  the 
time  indicated. 


The  next  rtaction  studied  vas  the  step  which  Involved  the  sub- 
strate 6-rOA  (see  Pijiure  2),  Zt  was  shown  to  be  DMJ  specific  by 
methods  similar  to  the  0-6-P  dohydrogonaae  reaction. 

An  attempt  was  made  to  doterrtlne  the  end  product  or  products 
of  the  DPN  specific  ^-PUA  dehydrogenase  system.  In  order  to  avoid  the 
addition  of  stoichlonetric  amounts  of  DPN  to  the  reaction  mixture  which 
would  enable  ident if j cation  o'  the  product  of  the  reaction^  the  reaction 
was  coupled  to  a numter  of  oth€.r  systems  which  included:  alcohol 

dehydrogenase,  methylene  blue,  and  yellow  enzyme.  Pentose  could  not 
be  detected.  The  anaerobic  split  of  6-POA  to  pyruvate  did  not  work. 

A control  which  included  Pseudomonas  saccharophlla  gave  a positive 
pyruvate  test  as  expected. 

In  summary,  the  isolates  tested  bad  a glycolytic  system  which 
operated  in  the  utilization  ox'  glucose  and  fructose  to  triosephosphates. 
In  addition,  culture  BSU  possessed  an  o:cldative  mechanism  «tjich  involved 
a TPN  CTiecific  glucose-6-phosptiate  dehydi*ogenase  and  a DPN  specific 
system  which  acted  cr  6-FOAo  The  product  of  the  latter  reaction  has 
not  been  ident if led. 
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FIGURE  2 


SPKCIFICm  OF  r.'FN  FOii  (>-T(ik  DLHimCXiEN'ASIi.  OF  CULTURE  BSli 


Bsckuia  quartz«'cuve  ;tec  were  isede  T'le  rearttion  mixture  contained 
In  a total  volume  o.f  3c0  bJ;  L\.6  ml  of  Tris  (hydroymethyl) 
amlnomethane  buffer  pH  P.O),  0,1  rl  of  6-POA  (Uci>  micromoles), 

0,2  nl  ensyme  prepa;*atiori,  exii  Od  ml  (ICO  microKrams)  of  DR<e 

“ TPN  uao  substituted  for  DFN  aj  descrioed  in  note  1»  No  change  in 
optical  density  was  noted, 

^ DFIi  (0o05  ml,  50  minrograms  o?  one-half  the  smoimt  used  for  curve  1) 
was  added  to  the  reiictlon  mixture  described  in  note  2 at  the  time 
Indicated. 


SUMMARX 


The  overfall  objective  of  this  Inves'iilgation  was  to  attain  a 
general  vinderstandlng  of  the  marine  members  of  the  order  Myxobacterlales. 
The  approach  to  this  problem  neceseltated  the  isolation  and  characterl* 
satlon  of  representative  species. 

Samples  were  collected  from  the  Port  Orchard  and  fort  Madison 
Bay  regions  of  ’’athinpiton  by  a variety  <>f  ocea;iographic  techniques. 

Other  samples  included  aged  sea  water  fi'Oin  the  Beaufort  Sea  which  is 
located  north  of  Alaska.  The  samples  of  muds,  sea  water,  sediments, 
cores,  and  plankton  tows  were  plated  on  a varl)ty  of  media  designed  for 
the  purpose.  In  addition,  enrichment  im^dia  were  inoculated  prior  to 
plating,  A large  number  of  samples  and  isolation  media  were  uaed  in 
order  to  obtain  as  wide  a variety  of  representative  myxobacterla  as 
posalble.  I^obacteria  were  isolated  from  the  bay  samples  by  direct 
plating}  the  aged  Beaufort  Sea  samples  required  initial  enrichment 
techniques  prior  to  platings 

Myxobacterla  were  Isolated  from  most  of  the  sanples.  Eight 
types  were  selected  for  characterization  of  properties.  They  were 
representative  of  the  niyxobacteria  observed  during  the  course  of  this 
study.  They  were  chosen  on  the  basis  of  general  properties  which  in- 
cluded: colonial  characteristics  and  pigmentetion,  microscopic  cellular 

differences,  action  on  agar,  and  by  the  preserce  or  absence  cf  microcysts. 

Characterisation  of  the  eight  isolates  was  baaed  on  studies 
which  Included:  cytological  and  morphclogical  investigations,  bio- 

chemical and  Physiological  differentiation,  nutritive  requirements,  and 
ensynatic  aetivltyo 
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Cytologieal  and  morphological  investigations  showed  typical 
nyxobacterial  characteristics  for  all  of  the  isolates.  In  genersd,  they 
were  slender,  Oram-jnegative  rods  which  possessed  a considerable  degree 
of  flexibility  and  gliding  motility.  Colonial  swarming  was  evident* 
Mlcrooysts  were  present  in  comer 

Biochemica].  and  physiological  differentiation  was  based  on 
such  tests  as:  presence  or  absence  of  catalase,  cytochromes,  and 

cytochrome  oxldasej  reduction  of  nitrates  to  nitrites;  action  on  chitin, 
cellulose,  starch,  gelatin,  agar,  ani  eight  sugars;  tolerance  to  sodium 
chloride;  and  anaerobic  grovfth.  One  species  liquefied  agar,  none  used 
cellulose,  and  all  wera  aerobic*  The  other  characters  differed  with  the 
speclee. 

Minimal  nutritive  requlreircnte  of  the  Isolates  ranged  from 
thoae  species  which  could  be  grown  cn  a mineral  ritrogen  base  plus  a 
carbohydrate  to  thosc'  species  which,  in  additloit  required  amino  acids  and 
thiamin,  and  to  those:  species  which  required  chestlcelly  undefined  growth 
factors. 

Fnzymetlc  utudies  on  three  of  the  isolates  showed  a typical 
glycolytic  scheme..  l.a  addition,  an  oxidative  system  was  present.  The 
oxidative  scheme  of  one  of  the  isolctes  involved  a triphojphopyrldine 
nucleotide-specific  glucose-6-phospbate  dehydrogenase  and  a dlphospho- 
pyzddine  nucleotide-tipeclflc  system  which  acted  on  6-phosphogluconie 
meld*  The  end  produt;t  of  the  lattei  reaction  was  not  determinedc 

On  the  bas:i.8  of  these  difierentlal  characters,  five  different 
epeciee  were  recognl'.'.ed  aieong  the  eight  isolates  studied  * Taxonomic 
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of  the  genus  Cytophag.t  which  hed  been  described  prevloaely  are  considered 


also.  Fending  furthei*  investigation  uf  fruiting  body  formation  hy 
freshly  isolated  stra;Lns,  the  eight  riyxobacteria  studied  can  be  elassi* 
fied  in  the  following  manner  (Breed  ft  al,  19U8)< 


Family  I,  C;y  tophagaceae 
Qenus  I.  Cytophaga 

Diagnosis!  Flexible,  sometimes  pointed  rode,  showing  a creeping 
motlLity.  No  firultxng  bodies  or  spores  (nicrooysts) 
formijd, 

I.  From  soLl.j 
II.  From  se.i  water  > 

A.  Liquefies  agar. 

1.  Starch  utilizei 

a.  Cellulose  utilized X. 

b.  Cellulose  : ot  utilized 2. 

2v  Starch  not  utilized. 

a.  Nitrates  reduced.. 

1}  Qelatir.  liquefied 3. 

b.  Nitrates  nrt  rechiced. 

1)  Oelatir.  not  liquefied... .>U. 

B.  Aga:.'  not  liquefied  5. 


Cytophaga 
krzamleniewska* 
Culture  poll 


Cytophaga 

diffluens 

Cytophaga 

sensitiva 
Culture  FOl 


Family  V«  M:  xococcaceae 
Qenus  IV.  Spcrocytophage. 

Diagnosis!  Microcysts  formed  loosely  in  masses  of  slims  among  the 
vegetative  cells,  bruiting  bodies  absent. 

I.  Catalase  negative..... 1.  Cultures  F02 

and  P03 

II.  Catalaso  positive,  « 

A.  Nit;.*ates  reduced..  2.  Cultures  BS3 

and  BSli 

B.  Nitrates  not  reduced.. 3.  Culturee  BSl 

and  BS2 


PHOTOMICROOfUlPHS 


Plate  I 


Figure  lo  Culture  B£3.>  Tliree  days  old.  Imprejsio/i  mount.  Stained 

“ with  basic  fuchuin.  Note  Involu&ion  forms  and 
microcyats.  1600x„ 


Figure  2,  Culture  BSU.  Three  days  old.  Impress j.o;i  inounc.,  Stained  with 

“ basic  fuchsin.  Note  involution  .'orms  and  cells 
in  the  process  of  division  by  constriction, 
I600x„ 


Figure  3«  Culture  B£2.  TJuree  days  old.  Impression  rijoun.:.  Stained  with 

basic  fuchsin.  Round  oodlss  are  microcysts. 
l6C0x„ 


Figure  1.,  Culture  PC 3,  Three  days  old.  Impression  moun:.  Stained  with 

^ crystal  violet.  Shovs  mic  .'ocystc , l600x. 


Plate  II 


Figure  1,  Culture  PCI,  Four  days  old.  Impression  mount , Stained  *fith 

“ basic  fuchsin.  Shows  slender  ve{;etative  cells, 
1500x, 


Figure  2,  Culture  PCU,  Four  days  old.  Impression  mount  Stained  with 

” basic  fuchsin.  Shows  /egeiative  cellso  1500x< 


Figure  5,  Culture  P02t  Four  days  old.  Impression  mount  Stained  with 

“ crystal  violet.  Shows  typical  U-bit  pattern. 
ISOOx,. 


Figure  li»  Culture  PC3c  Two  daye  old.  Impression  n»unt.  Stained  with 

” basic  fuchsin.  Show,  habit  patti  rn,  l6C0Xo 


Plate  III 


Figures  1 and  2«  Culture  F03c  Two  days  old:,  A colony  acge.  Pictures 

were  i.aken  1 hour  aper  ,,  d irectly  from  petri 
plate..  Note  Bwarmlrtj:\  lUOx, 


Figure  3.  Culture  FC2,  Seven  days  old,  A t;jTical  colony,  edge.  I60x, 


Figure  U.  Culture  PCU.  Two  days  old.  Note  pathways  fortied  by  this  agar 

digester,  l60x, 


PHOTOMICROQRAFHS  (eontlniwd) 


Plat*  IV 

Figure  la  Culture  Three  days  old,  Klectron  photomicrograph, 

6000x, 

Figure  2,  Culture  POU,  Three  days  old,  Flectron  photomicrograph, 

“ 6000x. 

Figure  3,  Culture  F02,  Three  days  old,  Flectron  photomicrograph, 

6000X, 

Figure  It,  Culture  Pf)3,  Three  days  old.  Impression  mount.  Stained  with 

crystal  violet.  Shows  microeyats,  l500x. 
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